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[57} ABSTRACT

Address memories storing address data, individually,
for respective parameter determining factors (e.g., tone
color kind, tone pitch, key touch or other factors) are
provided for the respective parameter determining fac-
tors. Address data stored in at least one of these address
memories is read out in accordance with a combination
of the parameter determining factor corresponding to
the address memory and data corresponding to at least
another parameter determining factor. In other words,
plural address memories corresponding to parameter
determining factors (designated as first parameter deter-
mining factors) are provided with an address memory
corresponding to another parameter determining factor
(designated as a second parameter determining factor).
One address memory 1s designated by data correspond-
ing to a first parameter determining factor and address
data is read out from this address memory 1n correspon-
dence to the second parameter determining factor. Ad-
dress data read out from respective address memories
are operated by an operation circuit and an address
signal corresponding to a combination of plural parame-
ter determining factors is thereby formed. A set of pa-
rameters is read out from a parameter memory in re-
sponse to this address signal.

11 Claims, 3 Drawing Sheets
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PARAMETER SUPPLY DEVICE IN AN
ELECTRONIC MUSICAL INSTRUMENT

BACKGROUND OF THE INVENTION

This invention relates to a parameter supply device
for storing parameters determining characteristics of a
tone such as waveshape data in a memory of an elec-
tronic musical instrument and reading out these parame-
ters in accordance with plural parameter determining
factors and, more particularly, to improvement in an
address system for accessing the memory.

In a case where tone waveshapes of different charac-
teristics are to be generated in accordance with plural
tone color control factors (e.g., key touch, tone range or
tone color selection information etc.), waveshapes of
different characteristics are stored in a memory and
these waveshapes are selectively read out in accordance
with the tone color control factors. In a prior art device,
the memory storing such waveshapes is directly ac-
cessed in accordance with the tone color control factors
and, in this case, the following problem arises.

If the memory has a common construction for all
combinations of control factors, there occurs waste of
the memory capacity. If, for example, the adopted con-
struction is such that waveshapes corresponding to key
touch in N stages are stored for each tone range, the
memory must have a capacity for storing waveshape
data of N times of the number of the tone ranges. It is
however unnecessary in some tone ranges to store
waveshapes which are different for the respective key
touches of the N stages and common waveshape data
can be used for two stages or three stages in one tone
range. In such case, there occurs waste in the memory
construction in which N waveshape data are stored for
each tone range because the same waveshape data are
stored 1n duplication in some tone ranges.

If the memory construction is changed in accordance
with the combination of the control factors, i.e., in such
a case that common waveshape 1s stored for key
touches of every two stages in some tone ranges, other
common waveshape data is stored for key touches of
every three stages in other tone ranges and waveshape
data which 1s different for each stage of key touch is
stored in still other tfone ranges, waste of the memory
capacity can be avoided. In this case, however, an ad-
dress generation circuit must be constructed in such a
manner that it can generate proper address signals for
all combinations of the control factors which results in
a very complex circuit construction. Besides, the
change in the memory construction must be accompa-
nied by change in the hardware construction of the
entire address generation circuit and this invoives a
troublesome change in the circuit design.

SUMMARY OF THE INVENTION

It is, therefore, an object of the invention to propose
an address system capable of eliminating the above
described waste in the memory construction and also
simplifying the construction of the address generation
circuit and coping with the change in the circuit design
with a minimum modification, and provide a parameter
supply device capable of supplying parameters in accor-
dance with such address system. |

The parameter supply device according to the inven-
tion is characterized in that it comprises information
generating means for generating first information and
second information, a combination of said first informa-
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tion and said second information determining a charac-
teristic of a tone to be produced by said electronic musi-
cal instrument, memory means for storing plural param-
eter each of which corresponds to said combination and
represents said characteristic, said memory means being
divided into plural locations each of which is specified
by said combination and stores a parameter correspond-
ing to said combination among said plural parameter,

address generating means for storing plural addresses
and for outputting a first address corresponding to said
first information from among said plural addresses,
calculation means for calculating said first address and
said second information and for outputting a second
address based on the calculation result, and read out
means for reading out said parameter from the location
designated by said second address, said characteristic
being determined by the read out parameter.

According to this invention, for reading out a param-
eter representing a characteristic of a musical tone de-
termined by a combination of first and second informa-
tion from the memory means, the first and second infor-
mation are not directly address inputted to the memory
means but a first address corresponding to the first in-
formation is outputted from the address generating
means, a second address is generated by calculating this
first address and the second information and the param-
eter is read out from a location designated by this sec-
ond address. By adopting such indirect address system,
a minor change has only to be made in the address
generating means in a case where the memory construc-
tion of the memory means has been changed so that 1t 1s
unnecessary to change the hardware construction of the
entire circuit.

A parameter supply device in another aspect of the
invention is characterized in that it comprises parameter
memory means for storing plural sets of parameters in
correspondence to plural sets of combinations of param-
eter determining factors, address memory means pro-
vided for each of the parameter determining factors for
storing address data individually in correspondence to
each parameter determining factor, operation means for
operating address data read out from the address mem-
ory means individually in correspondence to each pa-
rameter determining factor for forming an address sig-
nal corresponding to combination of these parameter
determining factors and reading out a set of parameters
from the parameter memory means in response to this
address signal, address data stored in memory means in
the address memory means corresponding to at least
one parameter determining factor being read out in
accordance with combination of the parameter deter-
mining factor and data corresponding to at least another
parameter determining factor.

In the address memory means provided for each
parameter determining factor, address data is stored
individually for each parameter determining factor and,
in the address memory means corresponding to at least
one parameter determining factor, address data stored
therein is read out in accordance with combination of
this parameter determining factor and data correspond-
ing to at least another parameter determining factor.
The address data read out from the address memory
means individually in correspondence to each parame-
ter determining factor is operated by the operation
means whereby an address signal corresponding to
combination of these parameter determining factors is
formed by the operation means. A set of parameters 1s
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read out from the parameter memory means in response
to this address signal.

According to the invention in which, in sum, address
data 1s read out individually in accordance with each
parameter determining factor, an address signal is
formed by operating this address data and a set of pa-
rameters corresponding to combination of the respec-
tive parameter determining factors in accordance with
this address signal, the memory construction for the
parameter memory means can be changed in accor-
dance with combination of the parameter determining
factors so that waste of the memory can be avoided.
Since the address system adopted in the invention is an
indirect address system in which the address signal for
reading out a parameter is formed on the basis of ad-
dress data stored in correspondence to each parameter
determining factor, data stored in necessary position in
the address memory means has only to be changed if the
memory construction of the parameter memory means
is t0 be changed and it is unnecessary to change the
hardware construction of the entire circuit. Further, in
the memory means corresponding to at least one param-
eter determining factor, an address system in hierarchy
1s adopted, 1.e., address data stored therein is read out in
accordance with combination of that parameter deter-
mining factor and at least another parameter determin-
ing factor and, accordingly, change in the construction
of the parameter memory means can be coped with by
a minimum modification in the address memory means
so that the device can enjoy a high degree of freedom in
changing data.

An embodiment of the invention will now be de-
scribed with reference to the accompanying drawings

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings,

FI1G. 1 1s a block diagram showing the entire con-
struction of an electronic musical instrument incorpo-
rating an embodiment of the invention;

FIG. 2 1s a diagram showing an example of a memory
map of a data memory shown in FIG. 1; and

FIG. 3 1s a block diagram showing a specific example
of a memory reading control circuit in FIG. 1.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referning to FIG. 1, a key assigner 11 detects a key
depressed 1n a keyboard 10 and assigns sounding of the
depressed key to any of channels of a predetermined
number (eight in the present embodiment). A key code
KC of a key assigned to each channel, a key-on signal
KON and a key-on pulse KONP are produced by the
key assigner 11 on a time shared basis. A touch detec-
tion circuit 12 detects a key touch such as speed and
force of depressing a key in the keyboard 10 and, upon
detection of the key touch, produces touch data TCH.
A tone color selection circuit 13 comprises operation
elements for selecting a tone color and produces a tone
color code VN representing a selected tone color. In
this embodiment, there are three kinds of parameter
determining factors, namely a tone color selected by the
tone color selection circuit 13, a tone pitch (or a tone
range) of a key depressed in the keyboard 10 and a key
touch detected by the touch detection circuit 12.

A data memory 14 is a memory storing various data
and includes, for example, a frequency number memory
15, an address memory 16, a parameter memory 17 and
a waveshape memory 18. A memory reading control
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4

circuit 19 controls reading of the data memory 14 in
accordance with data VN, TCH, KC, KON and KONP
corresponding to the respective parameters and supplies
parameter data necessary for forming a tone to a tone
generation circuit 20. The tone generation circuit 20
generates a tone signal in accordance with parameter
data supplied thereto. The circuit 20 generates a tone
signal by, for example, controlling reading of the wave-
shape memory 18 and generation of an envelope shape
in accordance with the parameter data supplied. A tone
signal generated is supplied to a sound system 21.

An example of the data memory 14 will be described
with reference to a memory map shown in FIG. 2.

The frequency number memory 15 stores, for each of
keys, frequency number FN which is a constant corre-
sponding to a tone frequency. The frequency number
memory 13 produces a frequency number FN corre-
sponding to a key code KC which is used as the address
signal in this memory 15. This frequency number mem-
ory 15 occupies a storage area starting from absolute
address 0 1n the data memory 14.

A voice directory (voice address memory) 16a stores
voice address data VAD corresponding to various tone
colors (distinguished from each other by voices 1 - N).
Using the tone color code VN, the voice directory 164
produces voice address data VAD corresponding to
this tone color code VN. This voice directory 16a occu-
pies a storage area starting from a predetermined offset
address OA1 (absolute address) in the data memory 14.

The remaining storage area of the data memory 14 is
occupied by voice memories VM1 - VMn correspond-
ing to the respective voices 1 - N. The voice address
data VAD stored in the voice directory 16q is data
which indicates initial addresses of the voice memories
VM1 - VMn corresponding to the respective voices 1 -
N in absolute addresses. Each of the voice memories
VM1 - VMn includes a bank directory BDR and data
bank DB1 - DBm of any desired number M (this M may
differ voice from voice).

The bank directory BDR consists of a key offset
address memory 1656 and a touch offset address memory
16¢c. The key offset address memory 165 stores key
offset address data KAD corresponding to respective
keys and produces key offset address data KAD corre-
sponding to a key code KC used as the address signal.
‘The number of keys 1s, for example, 88. The touch offset
address memory 16¢ stores touch offset address data
TAD corresponding to respective stages of key touch
and produces touch offset address data TAD corre-
sponding to touch data TCH used as the address signal.
The stages of key touch is, for example, eight stages for
0 to 7. In the bank directory BDR, the key offset ad-
dress memory 16b is provided ahead of the touch offset
address memory 16¢ and the initial address of the touch
offset address memory 16c¢ is offset by a predetermined
offset address OA2 from the initial address of the bank
directory BDR (this address is also the initial address of
the key offset address memory 165).

'The data banks DB1 - DBm respectively store a set of
parameters establishing characteristics of a tone. Bank
groups 1-k consisting of desired number of banks corre-
spond to key groups 1-k with each bank of one bank
corresponding to the key touch. The key offset address
data KAD is data indicating the initial address of initial
bank 1n an object bank group in the data bank DB1-
DBm by a relative address from the initial address of the
bank directory BDR. The touch offset address data
TAD is data indicating the initial address of an object



4,893,538

S

bank in one bank group by a relative address from the
initial bank of the bank group.

One data bank consists of a parameter memory 17a
and waveshape data memory 18a4. The parameter mem-
ory 17a corresponding to one bank stores a set of pa-
rameter data realizing specific tone characteristics. The
set of parameter data consists of attack level data AL,
attack rate data AR, decay rate data DR, sustain level

data SL and release rate data RR used for determining
characteristics of the envelope shape and start address
data SAD, repeat address data RAD and end address
data EAD used for reading out waveshape data from
the waveshape data memory 18a. The waveshape data
for realizing a specific tone color. During sounding of a
tone, a tone signal is produced by reading first a wave-
shape of plural periods from a start address to an end

10

15

address once and subsequently reading out a waveshape

of plural periods from a repeat address to the end ad-

dress repeatedly. The address data SAD, RAD and

EAD are used for indicating the start address, repeat
address and end address during this reading. Advancing
of the waveshape reading phase is performed by re-
peated operation of the frequency number FN in a well
known manner.

There are M data banks for each voice, each data
bank storing a set of such parameters and there are N
voices so that plural sets of parameters are stored as a
whole. A set of parameters to be read out is determined
in accordance with combination of the tone color code
VN, key code KC and touch data TCH. In other words,
one voice address data VAD is read out from the voice
directory (voice address memory) 16a in accordance
with the tone color code VN. One key offset address
data KAD 1s read out, in accordance with the key code
KC, from the key offset address memory 166 in the
bank directory BDR in one of the voice memories
(VM1-VMn) corresponding to the read out voice ad-
dress data VAD and, likewise, one touch offset address
data TAD is read out, in accordance with the touch
data TCH, from the touch offset address memory 16c.
One data bank is designated by the read out key offset
address data KAD, touch offset address data TAD and
the above described voice address data VAD and a set
of parameters AL-AR, SAD, RAD and EAD are read
out from the designate data bank. _

As will be apparent form the above, since the key
offset address memory 165 and the touch offset address
memory 16c¢ are provided for each voice, these memo-
ries 160 and 16¢ are virtually accessed in accordance
with not only the key code KC or the touch data TCH
but combination of such key code KC or touch data
TCH and voice address data VAD corresponding to
the tone color code VN. That is, the key offset address
memory 165 and the touch offset address memory 16¢
are ranked in the lower order of the voice address mem-
ory 16a so that designation of the key group can be
changed for the same key depending upon the voice
(1.e., by changing the value of the key offset address
data KAD) and the value of the touch offset address
data TAD can be changed for the same key touch de-
- pending upon the voice.

In the order of the address, the voice address data
VAD is ranked in the highest order, the key offset ad-
dress data KAD in the next order and the touch offset
address data TAD in the lowest order. If the specifica-
tion of bank construction in the data bank has been
changed, such change can be coped with by changing
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the contents of storage of the address memory of the
lowest order. |

The specification of data bank is not uniform. For
example, in one tone range (key group) of one tone
color (voice), eight different banks are prepared for all
of eight stages of touch variations (in this case, different
offset address data TAD are stored at address positions
corresponding to respective touches 0-7 of the corre-
sponding touch offset address memory 16c¢ ) whereas in
another (or the same) tone range of another (or the
same) tone color, only banks of a smaller number are
prepared (in this case, offset address data TAD of the
same value 15 in some case stored in address positions
corresponding to respective touches 0-7 in the corre-
sponding touch offset address memory 16c. Whatever
the specification of the data bank may be, the hardware
construction of the individual address memories 16q,

1606 and 16¢ corresponding to respective parameter
determining factors are standardized (the number of
address positions being fixed) but various specifications
may be prepared by suitably changing contents of the
address data stored therein.

Since, 1n this embodiment, the frequency number FN
stored in the frequency number memory 15, the address
data VAD, KAD and TAD stored in the address mem-
ories 16a, 165 and 16¢ and the address data SAD, RAD
and EAD stored in the parameter memory 172 have a
large number of data bit, each one data is stored in two
address positions. In this case, data of the least signifi-
cant bit LSB is stored at the prior address position and
the data of the most significant bit MSB 1s stored at the

subsequent address position. For reasons of circuit de-
sign, the key code KC, tone color code VN and touch

data TCH used as the address signals are changed to
values which are double the original values by shifting

these data by one bit towards the more significant bit

side. When no addition is made to these values, data of
the least significant bit LSB stored at the prior address
position is read out. When “1” has been added to these
values, the data of the most significant bit MSB at the
posterior address 1s read out. |

FI1G. 3 shows a specific example of the memory read-
ing control circuit 19. In this example, the reading con-
trol is effected by utilizing a microcomputer.

A program memory 22 stores a program for carrying
out the reading control for the data memory 14. A
program counter 23 produces a program step signal ST
for accessing the program memory 22. The counter 23
comprises a shift register 24 of eight stages, an address
25, gates 26 and 27 and end detection circuit 28 and
performs counting for eight channels on a time shared
basis. The key-on pulse KONP is inverted by an in-
verter 29 and applied to a control input of the gate 26.
This key-on pulse KONP becomes a signal “1” at the
beginning of depression of the key and key-on pulses
KONP corresponding to the respective channels are
time-division multiplexed. The adder 25 adds “1” pro-
vided from the gate 27 to the output of the shift register
24. The result of the addition is applied to the shift
register 24 through the gate 26. The end detection cir=
cuit 28 detects whether the value of the output of the
shift register 24 has reached a final step of the program
or not. If the value has not reached the final step yet, the

- end detection circuit 28 produces a signal “0” and

65

‘supplies a signal “1” to a control input of the gate 27

through an inverter 30 thereby supplying a signal “1”
indicating one count up to the adder 25. If the value has
reached the final step, the end detection circuit 28 pro-
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duces a signal ’1” and supplies a signal “0” to the gate
27 through the inverter 30 thereby closing the gate 27 to
prevent counting.

Owing to the above described construction, contents
of the program counter 23, i.e., the step signal ST, are
reset to “0” when the key-on pulse KONP has been
generated and are counted up by one at each circulation
(every eight time slots) of the shift register 24. The
counting is stopped when the program has reached the
final step. The number of the program steps is, for exam-
ple, 24 and the step signal ST produced by the counter
23 1s successively changed from “0” to “23” (final step).
The step signal ST is the output of the shift register 24
and step signal sST for eight channels are time-division
multiplexed.

The program memory 22 produces selection control
signals SEL1-SEL6 and SELC and distribution control
signal DS 1n accordance with the step of the applied
step signal ST and also produces address data for ac-
cessing an offset address memory 31. The offset address
memory 31 stores values of the above described offset
address data OA1l and OA2 and various offset values
“17, 27, *3” ... The offset address data read out from

the offset address memory 31 is applied to A-inputs of

selectors 32 and 33. The outputs of the selectors 32 and

33 are added together by an adder 34 and the output of

the adder 33 1s applied to an address input of the data
memory 14. The output of the adder 34 is also applied to
a C-input of a selector 35, a C-input of a selector 36 and
an A-input of a selector 55.

The data read out from the data memory 14 is applied
to B-inputs of the selectors 35, 36 and 55 and a distribu-
tion circuit 38. The output of the selector 35 is applied
to a shift register 39 of eight stages and the output of the
shift register 39 is fed back to the A-input of the selector
35 and applied also to a B-input of the selector 32. The
output of the selector 36 is applied to a shift register 40
of eight stages and the output of the shift register 40 is
fed back to the A-input of the selector 36 and applied
also to a C-input of the selector 33. The output of the
selector 35 1s applied to a shift register 37 of eight
stages. The output of the shift register 37 is applied to a
D-input of the selector 33. To a C-input of the selector

10

8

Parameter data FN, AL, AR, DR, SL, RR, SAD,
RAD and EAD for eight channels stored in the regis-
ters 43-51 are provided on a time shared basis and sup-
plied to the tone generation channel 20. A delay circuit
>4 delays the key-on signal KON by a predetermined
period of time and supplies a delayed key-on signal
KOND to the tone signal generation circuit 20. This
delay time corresponds to delay time due to the process-
ing by the memory reading control circuit 19 (process-
ing time for the 23 steps) and are provided for matching
rise timing of the key-on signal KON with rise timing of

~ output signals of the respective registers 43-51. A shift

15
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30

35

32 and a B-input of the selector 33 is applied output of 45

a selector 41. To A, B and C inputs of the selector 41 are
applied data derived by shifting the tone color code
VN, the key code KC and touch data TCH by one bit
towards the most significant bit by a doubling circuit 42.
To selection control inputs of the selectors 32, 33, 41,
33, 36 and 55 are respectively applied selection control
signals SEL1, SEL2, SEL3, SEL4, SELS5 and SELS.

The distribution circuit 38 distributes data read out
from the data memory 14 in parallel by kind of the data.
The manner of distribution of data is controlled by a
distribution control signal DS in accordance with the
program execution step. Registers 43-51 are provided
for storing and holding distributed data. The register 43
for the frequency number FN only is illustrated in detail
but the other registers 44-51 are of the same construc-
tion. The respective registers 43-51 include a selector
52 and a shift register 53 of eight stages and control
selection in the selector 52 by the selection control
signal SEL.C. When new data is to be supplied from the
distribution circuit 38, a B-input of the selector 52 is
selected whereas when contents stored in the shift regis-
ter 53 are circulatingly held, an A-input of the selector
52 is selected.
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clock pulse ¢ of each shift register has a period corre-
sponding to the time slot width of one channel time.

An example of contents of processing executed in
each step will now be described.

[When ST=0: reading of FN on the LSB side]

The B-input of the selector 41 is selected by the selec-
tion control signal SEL3, the B-input of the selector 33
1s selected by the selection control signal SEL2 and the
key code KC (precisely speaking, a value which is dou-
ble the oniginal key code: hereinafter reference to the
fact that values of KC, VN and TCH are all doubled
will be omitted) i1s applied to the address input of the
data memory 14 through the adder 34. Data of the LSB
side of frequency number FN corresponding to the key
code KC 1s thereby read out from the frequency num-
ber memory 15 (FIG. 2) in the data memory 14. The
read out data 1s distributed to the register 43 for FN by
the distribution circuit 38 and this data is loaded in bit
positions of the L.SB side of the shift register 53 in re-
sponse to the selection control signal SELC.

[When ST =1: Reading of FIN on the MSB side]

The offset value “1” is read out from the offset ad-
dress memory 31, the A-input of the selector 32 is se-
lected by the selection control signal SEL1 and this
offset value “1” is applied to the adder 34. The B-input
of the selector 41 is selected by the selection control
signal SEL 3, the B-input of the selector 33 is selected by
the signal SEL2 and the key code K.C is applied to the
adder 34. The adder 34 adds the offset value *““1” to the
key code KC and applies its output to the data memory
14. Data of the MSB side of the frequency number FN
corresponding to the key code KC is thereby read out
from the frequency number memory 15 in the data
memory 14. The read out data is distributed to the regis-
ter 43 for FN and the data is loaded in the LLSB side bit
positton of the shift register 53 through the B-input of
the selector 52 while the data on the LSB side previ-
ously loaded is circulatingly held. Thus, the data of both
MSB side and LSB side of the frequency number FN
corresponding to the key code KC (i.e., all bits) are
stored 1n parallel in the register 43. [When ST =2: Read-
ing of the L.SB side of VAD]

Data of the offset address OA1 is read out from the
offset address memory 31, the A-input is selected by the
signal SEL1 and the data OA1 is applied to the adder
34. The B-input is selected by the signal SEI.2 and the
A-input is selected by the signal SEL3, and the tone
color code VN is applied to another input of the adder
34 through the selectors 41 and 33. The output of the
adder 34 becomes OA14 VN which indicates an abso-
lute address corresponding to the tone color code VN
in the voice directory 16a in the data memory 14. Data
of the LSB side of the voice address data VAD corre-
sponding to the tone color code VN is thereby read out
from the voice directory 16ag in the data memory 14.
The B-input of the selector 36 is selected by the selec-
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tion control signal SELS is selected and read out data of
the LSB side of the voice address data VAD is loaded
in the bit position of the LLSB side of the shift register 40.
[When ST=3: Reading of the MSB side of VAD]

The offset value OA1+1 which 1s the offset value
OA1l added with 1 1s read out from the offset address
memory 31, the A-input is selected by the signal SELL1
and this OA1+-1 is applied to the adder 34. The B-input
is selected by the signal SEL2 and the A-input is se-
lected by the signal SEL3, and the tone color code VN
is applied to another input of the adder 34 through the
selectors 41 and 33. The output of the adder 34 becomes
OA1+4+VN+1 and data of the MSB side of the voice
address data VAD corresponding to the tone color
code VN is thereby read out from the voice directory
16a in the data memory 14. The B-input of the selector
36 is selected by the signal SELS and read out data of
the MSB side of the voice address data VAD i1s loaded
in the bit position of the MSB side of the shift register 40
while data of the L.SB side which was previously loaded
is circulatingly held through the A-input of the selector
36. In this manner, both the MSB side and the LLSB side
of the voice address data VAD corresponding to the
tone color code VN (i.e., all bits) are stored in parallel
in the shift register 40.
{When ST =4: Reading of the LSB side of KAD]

The C-input is selected by the signal SEIL.1, the B-
input is selected by the signal SEL3 and the key code

S
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KC is supplied to the adder 34 through the selectors 41

and 33. In the selector 33, the voice address data VAD
stored in the shift register 40 in the preceding step is
selected through the C-input and supplied to the adder
34. The output of the adder 34 becomes VAD+KC
whereby the data memory 14 is addressed in accor-
dance with combination of the voice address data VAD
corresponding to the key code VN and the key code
K C and data of the LSB side of the key offset address
data KAD corresponding to the key code KC 1s read
out from the key offset address memory 165 in the voice
memory corresponding to the voice address data VAD
(any of VM1 - VMn in FIG. 2). The B-input of the
selector 35 is selected by the signai SEILL4 and read out
data of the L.SB side of VAD is loaded in the bit posi-
tion of the L.SB side in the shift register 39. The selector
36 is brought into state in which all bits of the A-input
are selected by the signal SELS thereby holding the

voice address data VAD in the shift register 40. The

selector S5 i1s brought into a state in which the A-input
1s selected by the signal SEL6 thereby causing the ad-
dress data VAD + KC to be loaded in the shift register
37.
[When ST =5: Reading of the MSB side of KAD]
The offset value “1” is read out from the offset ad-
dress memory 31 and the A-input of the selector 32 is
selected by the signal SEL1. The D-input of the selector
33 1s selected by the signal SEL2 and the address data
VAD 4 KC obtained in the preceding step is applied to
the adder 34. The output of the adder 34 becomes

VAD+KC+1 and data on the MSB side of the key

offset address data KAD is thereby read out. The B-
input of the selector 35 is selected by the signal SEL4
and read out data on the MSB side of the key offset
address data KAD is loaded in a bit position on the
MSB side of the shift register 39 while data on the LSB
side which was previously loaded is circulatingly held
through the A-input of the selector 35. In this manner,
all bits of the key offset address data KAD correspond-
ing to the tone color code VN and the key code KC are
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10
stored in parallel in the shift register 40. On the other
hand, the voice address data VAD of the shift register
40 is held through the A-input of the selector 36.
[(When ST=6: VAD+KATI}]

‘The B-input of the selector 32 is selected by the signal
SEL1 and the key offset address data KAD is applied to
the adder 34. The C-input of the selector 33 is selected
by the signal SEL2 and the voice address data VAD is
applied to the adder 34 to obtain VAD +KAD. All bits
of the C-input of the selector 35 are selected by the
signal SEL4 and VAD+KAD 1s loaded in the shift
register 39.

[When ST=T]}

The offset data OA2 is read out from the offset ad-
dress memory 31 and the A-input of the selector 32 is
selected by the signal SEL1. The C-input of the selector
33 1s selected by the signal SEIL.2 and the voice address
data VAD of the shift register 40 is applied to the adder

34. The output of the adder 34 becomes VAD OA2
which indicates the initial address of the touch offset

address memory 16¢ (FIG. 2) in an absolute address.
The C-input of the selector 36 is selected by the signal
SELS and VAD+0OA2 is loaded in the shift register 40.
On the other hand, all bits of the A-input of the selector
35 are selected by the signal SEL4 and VAD+KAD
obtained in the preceding step is held.

[When ST=8: Reading of the LSB side of TAD]

The signals SEL.3, SELL1 and SEL2 respectively se-
lect the C-input and the touch data TCH and the abso-
lute address data VAD + OA2 are added together in the
adder 34. The address input signal to the data memory
14 becomes VAD+0QA2 . TCH and the data memory
14 is addressed in accordance with combination of the
voice address data VAD corresponding to the tone
color code VN and the touch data TCH and data on the
LSB side of the touch offset address data TAD corre-
sponding to the touch data TCH i1s thereby read out
from the touch offset address memory 16¢ in the voice
memory (any of VM1-VMn in FIG. 2) corresponding
to the voice address data VAD. The B-input of the
selector 55 is selected by the signal SEL®6 and the data
on the LSB side of TAD read out from the data mem-
ory 14 is loaded in the shift register 37. The signals
SEL4 and SELS both select the A-input thereby caus-
ing VAD+KAD and VAD+0OA2 to be held respec-
tfively.

[When ST=9: LSB of VAD+4+KAD TAD] - |
The signal SEL1 selects the B-input, the signal SEL2
selects the D-input and addition of VAD+4+KAD and
data on the LSB side of TAD is made in the adder 34.
By selecting all bits of the C-input of the selector 35 by
the signal SEL4, result of the addition (VAD+-
KAD +data on the L.SB side of TAD) is loaded in the
shift register 39. The signal SELS selects the A-input
thereby causing VAD+0OA2 to be held.

[When ST =10j

In the same manner as in the case of ST =8, the C-
input is selected respectively by the signals SELI,
SEL2 and SEL3 and VAD+0A24TCH is obtained
by the adder 34. The A-input of the selector 55 is se-
lected by the signal SELL6 and VAD+OA2+TCH is
loaded in the shift register 37. The signals SEL.4 and
SELS both select the A-input thereby causing
“VAD+KAD+data on the L.SB side of TAD” and
“VAD40AZ2” to be held respectively. [ST=11: Read-
ing of the MSB side of TAD]

The offset value “1” is read out from the offset ad-
dress memory 31, the A-input is selected by the signal
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SEL1 and the D-input is selected by the signal SEL2.
The output of the adder 34 thereby becomes VAD-
+0A24+TCH+1 and data on the MSB side of the
touch offset address data TAD corresponding to the
touch data TCH is read out from the corresponding
touch offset address memory 16¢ in the data memory 14.
‘The B-input of the selector 55 is selected by the signal
SELG6 and data on the MSB side of TAD is loaded in the
shift register 37. The signals SEL4 and SELS both se-
lect the A-input causing the state of the preceding step
to be held. [When ST =12: Reading of VAD+KAD-
TAD: AL]

The signal SEL1 selects the B-input and the signal
SEL2 selects the D-input and the adder 34 adds
“VAD+KAD+data on the LSB side of TAD” and
“data on the MSB side of TAD” together. In this man-
ner, a signal “VAD+KAD4TAD” which is a result of
addition of all address data corresponding to all parame-
ter determmmg factors is obtained. This signal indi-
cates, in an absolute address, the initial address of one of
the data banks (DB1-DBm in FIG. 2)in which a set of
parameter data corresponding to the color code VN,
key code KC and touch data TCH is stored. The attack
level data AL (see FIG. 2) stored at the initial address of
this data bank is read out from the data memory 14 in
response to the address signal VAD+KAD TAD pro-
vided by the adder 34. The distribution circuit 38 per-
forms control so that this data AL is distributed to the
register 44 for AL which takes in the data AL in re-

sponse to the selection control signal SELC. Further,
the C-input is selected by the signal SEI4 and the initial
address signal VAD+KADA4TAD is loaded in the
shift register 39.

[When ST =13-22: Reading of AR-RED]

In the step of ST=13-22, the signal SEL1 selects the
B-input, the signal SEL2 the A-input and the signal
SEL4 the A-input respectively. Accordingly, the initial
address signal VAD 4+ KAD+TAD in the shift register
39 1s held and this data is added with the offset value
read out from the offset address memory 31. A signal
“1” 1s read out from the offset address memory 31 when
ST=13 and subsequently an offset value which in-
creases by 1 at each advance of the step (i.e., “2” when
ST=14 and “10” when ST=22) is read out. Accord-
ingly, an address signal which sequentially increases by
1 from the initial address VAD+KAD+TAD is sup-
phied to the data memory 14 whereby the parameter
data AR, DR, SL, RR, SAD, RAD and EAD in the
data bank are sequentially read out at each step. Since,
however, the waveshape data SAD, RAD and EAD
are respectively stored in two address positions in a split
form, data on the LSB side is read out at a first step and
data on the MSB side is read out at a next step. In syn-
chronism with reading of the data AR-EAD, the distri-
bution circuit 38 distributes the data to corresponding
registers 45-51. In the register 45-51, the distributed
data are loaded. In the same manner as in the register 43,
the registers 49, 50 and 51 perform processings for load-
ing the data on the LSB side and the data on the MSB
side in parallel.

[When ST =23: Finish]

The programming counter 23 is stopped and the pa-
rameter reading sequence is finished.

The contents and order of processings in the respec-
tive steps in the memory reading control circuit 19 have
been described only by way of example and they can be
changed as desired.
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The tone generation circuit 20 comprises other cir-
cuits including a circuit for forming an address signal
for accessing the waveshape data memory 18z and a
circuit for multiplying a tone signal corresponding to
tone signal waveshape data read out from the wave-
shape data memory 18z with an envelope shape signal.
The tone generation circuit 20 generates tone signals for
the respective channels on a time shared basis in accor-
dance with the parameter data FN, AL, AR, DR, SL,
RR, SAD, RAD and EAD supplied from the registers
43-51 in the control circuit 19 and the delayed key-on
signal KOND supplied from the delay circuit 54.

An address signal forming circuit first generates,
upon rising of the delayed key-on signal KOND to “1”,
an address signal which sequentially changes from a
start address represented by the address data SAD to an
end address represented by the address data EAD at a
speed corresponding to the frequency number FN.
Upon reaching of this address signal to the end address

20 (EAD), the address signal forming circuit repeatedly
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generates an address signal which sequentially changes
from a repeat address represented by the address data
RAD to the end address (EAD) at a speed correspond-
ing to the frequency number FN. An envelope shape
5 signal generation circuit generates, in response to the
delayed key-on signal KOND, an envelope shape signal
(ADSR shape) whose attack level, attack time, decay
time, sustain level and release time are established by
the parameter data AL, AR, DR, SL and RR.

Since the address signal produced by the address
signal forming circuit is supplied to the data memory 4,
tone waveshape data (tone waveshape sampled values)
stored at an address designated by the address signal in
the waveshape data memory 184 in the data memory 14
1s read out. The read out tone waveshape data is sup-
plied to the tone generation circuit 20 where it is muiti-
plied with the envelope shape signal and thereafter is
supplied to the sound system 21. Thus, the tone genera-
tion circuit 20 generates tone signals corresponding to
the parameter data AL, AR, ... EAD for the respective
channels.

In the above described embodiments, both the tone
color control (key scaling of the tone color) in accor-
dance with the tone pitch (or tone range) and the tone
color control in accordance with the key touch can be
realized. An arrangement may be made so that either
one of these controls only can be performed. In this
case, either the key offset address memory 165 or the
touch offset address memory 16¢c may be omitted. The
tone color may be controlled in accordance with other
factor (such, for example, as operation element informa-
tion concerning an operation element such as a bril-
liance operation knob). In this case, an address memory
corresponding to this factor is provided in the bank
directory BDR.

In the above described embodiment, the address
memories are constructed in such a manner that they
are dependent upon respective tone color kinds (voice)
using tone color kinds which can be selected by the tone
color selection circuit as the basis. This dependency
(hierarchy) may however be reversed. For example, the
tone range may be taken as the basis and address memo-
ries corresponding to respective tone colors and key
touches may be constructed in such form as they de-
pend upon the respective tone ranges.

The kind of the parameter data stored in the parame-
ter memory is not limited to the above described param-
eters for forming an envelope shape (AR-RR) and the



4,893,538

13

parameters for designating a tone waveshape (SAD -
EDA) but it may include any other parameters such as
filter parameter, harmonic coefficient parameter, modu-
lation effect parameter and FM or AM modulation
operation parameter.

The waveshape to be stored in the waveshape mem-
ory is not limited to the above described waveshape of

plural periods but it may be a waveshape of one period

or half period.
This invention is applicable also to a device which
adopts a waveshape readout system according to
which, as disclosed in Japanese Preliminary Patent Pub-
lication No. 147793/1985, (Corresponding U.S. Pat.
No. 4,633,749) the waveshape to be read out repeatedly
is changed as time goes by. The invention is applicable
also to a device which adopts, as disclosed in Japanese
Preliminary Patent Publication No. 55398/1985, diifer-
ent waveshapes are interpolated and synthesized in
accordance with touch or tone pitch (tone range).
What is claimed 1s:
1. A parameter supply device in an electronic musical
instrument comprising:
information generating means for generating first
information and second information, a combination
of said first information and said second informa-
tion determining a characteristic of a tone to be
produced by said electronic musical instrument;

memory means for storing plural parameters each of
which corresponds to said combination and repre-
sents said characteristic, said memory means being
divided into plural locations each of which is speci-
fied by said combination and stores a parameter
corresponding to said combination among said
plural parameters;

address generating means for storing plural addresses

and for outputting a first address corresponding to
said first information from among said plural ad-
dresses;

calculation means for performing a calculatlon with

said first address and said second information and
for outputting a second address based on the calcu-
lation result, said second address designating a
location 1n said memory means; and

read out means for reading out the parameter stored

at the location designated by said second address,
said characteristic being determined by the read
out parameter.

2. A parameter supply device as defined in claim 1
wherein said electronic musical instrument has a key-
board having plural keys designating a tone pitch and
said first information is information representing a tone
color, a tone pitch or key depression degree of said tone
to be produced.

3. A parameter supply device as defined in claim 1
wherein said electronic musical instrument has a key-
board having plural keys designating a tone pitch and
said second information is information representing a
tone color, a tone pitch or a key depression degree of
said tone to be produced.

4. A parameter supply device in an electronic musical
instrument comprising: parameter memory means for
storing plural sets of parameters in correspondence to
plural sets of combinations of parameter determining
factors;

address memory means provided for each of said

parameter determining factors for storing address
data individually in correspondence to each param—
~eter determining factor; and
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operation means, capable of operating on address
data read out from said address memory means
individually in correspondence to each parameter
determining factor, for forming an address signal
corresponding to a combination of parameter de-
termining factors and reading out a set of parame-
ters from said parameter memory means in re-
sponse to this address signal;

wherein address data stored in a portion of said ad-
dress memory means corresponding to at least one
parameter determining factor is read out in accor-
dance with a combination of said at least one pa-
rameter determining factor and data corresponding
to at least another parameter determining factor.

5. A parameter supply device as defined in claim 4

wherein said address memory means comprises:
first address memory means storing first address data

in correspondence to a first parameter determining
factor; and

second address memory means storing second ad-.
dress data in correspondence to combination of
first and second parameter determining factors,
said second address data is data representing a
relative address for said first address data,

and said operation means performs addition or sub-

traction with respect to the first address data read
out from said first address memory means in corre-
spondence to the first parameter determining fac-
tor and the second address data read out from said
second address memory means in correspondence
to combination of data corresponding to the first
parameter determining factor and the second pa-
rameter determining factor thereby forming said
address signal corresponding to combination of the
first and second parameter determining factors.

6. A parameter supply device as defined in claim 5

wherein said address memory means further comprises
third address memory means storing third address data
in correspondence to combination of first and third
parameter determining factors, said third address data
being data representing a relative address for the second
address data, and

said operation means adds to or subtracts from result -

of operation between the first address data and the
second address data the third address data read out
from said third address memory means in corre-
spondence to combination of data corresponding to
the first parameter determining factor and the third
parameter determining factor thereby forming the
address signal corresponding to combination of the
first, second and third parameter determining fac-
tors.

7. A parameter supply device as defined in claim S
wherein said second address memory means provides
the second address data in correspondence to combina-
tion of the first address data read out from said first

address memory means in correspondence to the first

parameter determining factor and the second parameter
determining factor.

8. A parameter supply device as defined in claim 6
wherein said third address memory means provides the
third address data in correspondence to combination of
the first address data read out from said first address
memory means in correspondence to the first parameter
determining factor and the third parameter determining
factor.

9. A parameter supply device as defined in claim §

wherein said address memory means further comprises
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third address memory means storing third address data
in correspondence to combination of second and third
parameter determining factors, said third address data
being data representing a relative address for the second
address data, and
said operation means further adds to or subtracts
from result of operation between the first address
data and the second address data the third address
data read out from said third address memory
means in correspondence to combination of the
first parameter determining factor and the third
parameter determining factor thereby forming the
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address signal corresponding to the first and third
parameter determining factors.

10. A parameter supply device as defined in claim 9
wherein said third address memory means provides the
third address data in correspondence to combination of
the second address data read out from said second ad-
dress memory means and the third parameter determin-
ing factor.

11. A parameter supply device as defined in claim 4
wherein said parameter determining factors are tone

color kind, tone pitch and key touch.
* X *®x X X
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